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Abstract 

Background: At present, no study has compared the correlation between SULF2, WRN promoter methylation and 
clinicopathological parameters of patients with gastric cancer and the sensitivity to irinotecan (CPT-1 1). 

Methods: We collected 102 fresh tumor tissues from pathologically diagnosed gastric carcinoma patients. Methylation 
specific PCR was used to detect the promoter methylation of SULF2 and WRN. The chemosensitivity of irinotecan to 
gastric tomor was tested by MTT. Then we compared the chemosensitivity difference of the methylated group with 
unmethylated group. 

Results: The rates of SULF2, WRN methylation were 28.3% (29/102) and 23.6% (24/102), separately. Patients with SULF2 
methylation were more sensitive to CPT-1 1 than those without SULF2 methylation (P< 0.01). Patients with both SULF2 
and WRN methylation were also more sensitive to CPT-1 1 than others ( P < 0.05). 

Conclusion: SULF2 and WRN promoter methylation detection indicates potential predictive biomarkers to identify and 
target the most sensitive gastric cancer subpopulation for personalized CPT-1 1 therapy. 
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Background 

Gastric cancer is a highly aggressive disease for most 
population and usually diagnosed at an advanced stage. 
It is the fourth most common cancer and second leading 
cause of death from cancer throughout the world. The 
incidence varies up to 10-fold across the world with the 
greatest percentage in China, followed by South Korea, 
South American countries and Japan [1]. Irinotecan 
(CPT-11, Campto) is an S -phase-specific, semisynthetic 
derivative of camptothecin which interferes with DNA 
replication and cell division through its potent inter- 
action with the enzyme topoisomerase I. CPT-11 is fre- 
quently used in the treatment of gastric cancer, and 
showes a good response rate varying from 14% to 23% 
as single agent and 45% to 70% in combination, with a 
median time to progression of 3 months in single agent 
and 4-6 months in combination [2]. 
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Recent studies suggested that the methylation of the 
heparan sulfate 6-O-endosulfatase (SULF2) promoter is 
associated with better survival of lung adenocarcinoma 
patients, and silencing SULF2 through methylation 
could increase sensitivity to topoisomerase- 1 inhibitors 
such as camptothecin (CPT) chemotherapy [3]. 

WRN gene is a RecQ family member with both exo- 
nuclease and helicase activities. WRN CpG island 
hypermethylation is a common event in epithelial and 
mesenchymal tumorigenesis. Besides, WRN hypermethy- 
lation in colorectal tumors is a predictor of good clinical 
response to irinotecan, which is commonly used in the 
treatment in colorectal cancer [4]. However, up to now, 
the correlation between SULF2, WRN promoter methy- 
lation and the chemosensitivity of irinotecan in gastric 
cancer has not been studied yet. 

In the present work, we collected 102 fresh tissues 
from pathologically diagnosed gastric carcinoma patients 
to evaluate the potential correlation. We used methyla- 
tion specific PCR to detect the promoter methylation of 
SULF2 and WRN, and adopted the HDRA method to 
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test the chemosensitivity of irinotecan. Also the associ- 
ation of patients' clinicopathological parameters and 
methylation status of SULF2 and WRN was analyzed. 

Methods 

Patients and samples preparation 

All specimens and relevant clinical data were obtained 
from the Department of Oncology and General Surgery 
of Drum Tower Hospital, from 2009 through 2011. 
There were 75 men and 27 women with a median age of 
62 years (range: 29-83 years). Demographic variables in- 
cluding age, gender and stage of gastric cancer are com- 
pleted. Tumors were staged according to the criteria of 
the 2003/ AJCC staging system for gastric cancer. Each 
tumor was considered suitable for the study based on the 
presence of 80% tumor cells. The patients did not undergo 
chemotherapy or radiotherapy prior to surgery. Informed 
consent was obtained from all patients and the protocols 
for our study were approved by the Human Research 
Protective Committee of Drum Tower Hospital. 

Gastric cancer histoculture drug response assay (HDRA) 

Cancerous portions of the specimens were scissor- 
minced into pieces of approximately 10 mg, placed on a 
collagen gel-coated well in a 24-well plate, and incubated 
for 7 days at 37°C in the presence of irinotecan (CPT-11, 
HengRui, China). Four replicate cultures were evaluated 
for irinotecan of 20 |ig/mL [5]. 7 days later, it was added 
with 3-(4, 5-Dimethyl-2-thiazotyl)-2, 5-diphenyl-2H- 
tetrazoliumb-romide (MTT) (5 mg/mL) (Sigma, USA) 
and 100 \iL type I collagenase(l mg/mL)(Sigma, USA), 
incubated for another 24 hours. After removal of the 
medium, formazan was extracted with 0.5 mL of 100% 
dimethyl sulfoxide (Lingfeng, China) and the absorbance of 
the solution in each well was read at 490 nm with a micro- 
plate reader. The absorbance of tumor tissue was calculated 
from the mean absorbance of tissue from four culture wells 
and tumor-tissue weight determined prior to culture. 

Inhibition rate (I.R.) (%) = (1-mean absorbance per 
gram of treated tumor/mean absorbance per gram of 
control tumor) x 100. In the treatment of gastric cancer, 
the clinical response rate of irinotecan is lower than 30% 
as single agent [2]. So in our study, the cut-off value of 
inrinotecan sensitivity was set at 30% of all samples. 
Therefore, 30 samples (30.00% of all) were defined as sensi- 
tive to irinotecan, and 72 samples (70.00% of all) were 
defined as resistent, compared to untreated controls. 

DNA extraction and modification 

Other tissues were frxed in formalin, dehydrated in alcohol 
and xylene, and embedded in paraffin. Briefly, sections 
from paraffin-embedded tissue blocks were obtained. After 
isolation of DNA, we performed bisulfite treatment. The 
DNA was then chemically modified by sodium bisulphite 



to convert all unmethylated cytosines to uracils while leav- 
ing methylcytosines unaltered. Then they were stored 
at -20°C. 

Methylation-Specific Polymerase Chain Reaction (MSP) 

The fluorescence-based real-time PCR assay was used in 
the detection of methylated DNA. 

SULF 2: Each 20 i^L PCR reaction contained modified 
DNA 2 uL, SYBR GREEN PCR Mix (TaKaRa, Japan) 
10 uL, water 7.7 uL, and primers 0. 15 |iL (10 i^mol/ L). 
The mixture was heated for 10 min at 95°, followed by 
45 amplification cycles: annealing (59°C for 30 s), extension 
(72°C for 30 s) and denaturation (95°C for 30 s). Primers 
for methylated PCR: SULF2 F:5' TAAGTGTTTTTTT 
TATAGCGGC 3', SULF2 R:5TACCGTAATTTCCGC 
TATC 3', Primers for unmethylated PCR: SULF2 F 5' 
GTTTATAAGTGTTTTTTTATAGTGGT 3', SULF2 R: 
5'TACCATAATTTCCACTATCCCT 3'. 

WRN: Each 20 |iL PCR reaction contained modified 
DNA 2 uL, SYBR GREEN PCR Mbc lOuL, water 7.7 uL, 
and primers 0. 15 |iL ( 10 |amol/L). The mixture was 
heated for 10 min at 95°C, followed by 45 amplification cy- 
cles: annealing (56°C for 30 s), extension (72°C for 30 s) 
and denaturation (95°C for 30 s). Primers for methylated 
PCR: WRN F: 5' CGGGTAGGGGTATCGTTCGC 3', 
WRN R:5'CGATATCCGAAATCAAACGACG 3', Primers 
for unmethylated PCR: WRN R 5' GTAGTTGGGTAG 
TAGGGGTATTGTTTGT 3', WRN F: 5'CCAATATC 
CAAAATCAAACAACAAC 3'. 

Sssl-treated human genomic DNA (presumably fully 
methylated) and reagent blanks were used as positive 
and negative controls in each experiment. All tests were 
performed in duplicate. 

Data analysis 

Results were analyzed using SPSS 19.0. Patients' clinico- 
pathologic characteristics, including age, gender, hist- 
ology type, lymphatic invasion, grade and TNM Stage 
are summarized with mean and standard deviation for 
continuous variables and proportions for categorical var- 
iables. /2 test was used to assess the association between 
methylation and patient clinicopathologic characteristics. 
However, there was no significant association between 
clinical characteristics and WRN, SULF2 methylation 
(Table 1). And t test was used to compare the relation- 
ship between the methylated and unmethylated groups, 
q test was used to compare the relationship between the 
two genes. A level oiP< 0.05 was considered significant. 

Results 

The correlation between SULF2, WRN IVIethylatlon and 
chemosensitivity of irinotecan in gastric cancer 

The inhibition rates were 0.7061 ± 0.0872 for the sensi- 
tive group (30 samples, 30.0%) and 0.3337 ± 0.1647 for 
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Table 1 Associations between SULF2, WRN methylation and clinicopathological factors in gastric tumor 

Clinicopathologic characteristics n WRN methylated WRN unmethylated P value SULF2 methylated SULF2 unmethylated P value 



Age(Years old) 



> = 60 
<60 

Male 
Female 



Grade I 
Grade II 
Grade III 

Without lymphatic Invasion 
With lymphatic invasion 



lll-IV 



61 
41 

75 
27 



Adenocarcinoma 81 
Mucin cells or Signet ring cell type 20 



4 
54 
44 

27 
75 

39 
63 



15 
9 

17 

7 

20 
4 

1 

15 

7 



7 
17 



0758 



32 

sex 

58 0.732 

20 

Histology type 

61 0.659 
16 

Grade 

3 0.954 

38 

37 

Lymphatic Invasion 

22 0474 
56 

TNM stage 
32 0.295 



15 
14 

22 
7 

25 
4 

2 

20 
7 



23 



20 



46 
27 

53 
20 

56 
16 

2 

34 
37 

21 
52 

30 
43 



0.294 



0.736 



0.336 



0.875 



0.404 



0.346 



A level of p < 0.05 was considered significant. 



the resistant group (72 samples,70%); 0.5335 ± 0.2140 for 
the SULF2 methylation.and 0.4045 ± 0.2197 for the SULF2 
unmethylation = 6.945, P= 0.008). And 0.4988 ± 0.2061 
for the WRN methylation, 0.4261 ± 0.2282 for the WRN 
unmethylation 0(^=1.545, P = 0.214) (Figure 1). And we 
compared the relationship between the two genes. The 
inhibition rates were 0.4034 ± 0.2266 for the 58 W-S- 
cases, 0.6258 ± 0.1605 for the 9 S + W + cases, 0.4920 ± 
0.2254 for the 20 S + W- cases, 0.4227 ± 0.1961 for 
the 15 S-W + cases, (P = 0.0287) (Figure 2). This resuh 




Figure 1 The relationship between SULF2, WRN promoter 
methylation and the sensitivity for gastric cancer to Irinotecan 
SULF2 U: SULF2 unmethylation SULF2 M: SULF2 methylation. 

WRN U: WRN unmethylation WRN M: WRN methylation. 



indicated that gastric cancer patients were more sensitive 
to CPT-11 when SULF2 was methylated. 



Discussion 

In advanced gastric cancer, chemotherapy is the standard 
treatment over the world, because it prolongs patients' sur- 
vival compared to best supportive care alone. Nevertheless, 
the outcome of advanced stage gastric cancer still remains 
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Figure 2 The relationship between combined WRN, SULF2 
promoter methylation and the sensitivity for gastric cancer to 
irinotecan. W-S-: WRN unmethylation, SULF2 unmethylation; W + S-: 
WRN methylation, SULF2 unmethylation. W-S + : WRN unmethylation, 
SULF2 methylation; W + S+: WRN methylation, SULF2 methylation. 
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poor with currently available treatments, and a worldwide 
consensus on the standard chemotherapy has not been 
established. The most widely used chemotherapeutics 
drugs are 5-fluorouracil, adriamycin, docetaxel, cisplatin, 
irinotecan single-agent or combination [6]. Irinotecan, an 
inhibitor of topoisomerase I, acting through the inhibition 
of DNA replication, has emerged importantly in the treat- 
ment of patients with digestive tumors, specifically in 
colorectal tumors. Recent years, irinotecan has demon- 
strated its potential efficacy in gastric cancer with 14-23% 
RR as single agent [2]. Future challenges lie with how to 
optimize personalized therapies by incorporating molecu- 
lar biomarkers in clinical practice to guide targeted thera- 
peutics in adjunct to current standards of care. 

CpG island methylation is an important epigenetic 
mechanism through silencing of tumor genes [7]. Now- 
adays, many tumor genes have been demonstrated to 
be inactivated by promoter hypermethylation in gastric 
carcinoma [8]. 

SULF2 is oncogene,it promotes the release of growth 
and angiogenic factors such as FGF-I, FGF -2, VEGF 
and DSF -I by mobilizing heparin-bound growth factors, 
leading to increased tumor growth and a more rapid rate 
of tumor recurrence after surgery [9,10]. In some breast, 
lung, liver cancers it is over expressed [11,12]. Desai SD 
found,silencing SULF2 through small interfering RNA or 
methylation primarily increased expression of interferon- 
inducible genes including ISG15, a marker for increased 
sensitivity to topoisomerase- 1 inhibitors such as camp- 
tothecin (CPT) [13]. Previous studies have demonstrated 
that NSCLC cell lines with methylated SULF2 ( SULF2M) 
express 60-fold higher ISG15 compared with SULF2 
unmethylated (SULF2U ) NSCLC cell lines and normal 
human bronchial epithelial cells. In vitro, SULF2M and 
high ISG15 expressing NSCLC cell lines were 134-fold 
more sensitive to CPT than SULF2U and low ISG15 ex- 
pressing cell lines [3]. Tessema used 175 primary lung 
adenocarcinomas, and survival data was available for 
these patients. Consistent with the observation, the me- 
dian survival of patients without or with SULF2 methyla- 
tion was 35.1 and 62.8 months, respectively. The most 
dramatic effect of SULF2 methylation on survival was ob- 
served in advanced stage patients, the median survival 
was increased to 4-fold from 8.5 months in patients with 
unmethylated SULF2 to 36.2 months in patients with 
methylated SULF2, P = 0.001. In a word, it is identified a 
prognostic biomarker for better survival of lung cancer 
patients [14]. 

WRN has been proposed as a tumor-suppressor gene. 
It's required for cellular DNA replication, mismatch 
repair, double strand breaks repair, and has an exonuclease, 
recombination activity [15]. It is localized at 8pll.2-pl2 in 
many tumor types, including breast and colorectal cancer 
[16,17]. WRN hypermethylation in epithelial tumors was 



most prevalent in colorectal cancer (37.9%, 69/182), 
followed by non-small cell lung (37.5%, 21 /56), gastric 
(25%, 10/38), prostate (20%, 4/20), breast (17.2%, 10/58), 
and thyroid (12.5%, 4/32) tumors [4]. Agrelo selected a 
number of WRN hypermethylated (n = 45) and unmethy- 
lated (n = 43) primary colorectal tumors from patients 
treated with irinotecan, from whom an exhaustive clinical 
survival data was collected. They found that the overall 
survival of patients was 39.4 months for patients with 
WRN methylated but only 20.7 months for WRN un- 
methylated colon tumors. These findings underline the sig- 
nificance that the presence of WRN CpG island promoter 
hypermethylation was an important predictor of increased 
overall survival in colon cancer patients treated with irino- 
tecan (P = 0.00005) [4]. 

Based on previous studies,to analyze the methylation 
status of the promoter-associated CpG island of both 
WRN and SULF2, we collected 102 samples of primary 
gastric tumors. The chemosensitivity testing method we 
adopted here is HDRA, which is a useful predictor of 
response to chemotherapy at different cancerous sites, 
mainly gastrointestinal cancer [18,19]. Taken together, 
our study is the first to demonstrate that SULF2 methy- 
lation was associated with a higher chemosensitivity to 
CPT-ll,but WRN was not related. Maybe different tumor 
cell types have different biological behaviors, and lead to 
different experimental results.. What makes the case even 
more interesting is that gastric cancer appearing with both 
SULF2 and WRN methylation is remarkably more sensitive 
with CPT-11. It may provide further insight into guide se- 
lection of effective chemotherapeutic agents. 

In our study, we did not find a statistically significant 
association between their promoter methylation and 
clinicopathological parmeters of gastric cancer. Larger 
prospective studies would be necessary to further valid- 
ate these findings. Moreover, the experiment on tissue 
sample might not be representative of the biological be- 
havior of the patient's tumor. Therefore,it is worth our 
observations including tumor response, survival overall, 
clinical symptoms, or occurrence of treatment-associated 
adverse events. Also, we need to evaluate the expression of 
ISG15 of the tumors with SULF2 overexpressed about the 
sensitivity to TOPOl inhibitors. Future studies including 
more genes (such as TOP-I [20], PARP [21], and Aprataxin 
(APTX) [22]) will be carried out to identify and target the 
most sensitive gastric cancer subpopulation for personal- 
ized CPT-11 therapy. 

Conclusions 

We collected 102 pathologically diagnosed gastric tumor 
tissues. Our experiment demonstrated that SULF2 CpG 
island methylation renders gastric tumors sensitive to 
irinotecan. Besides, tumors appearing with both SULF2 
and WRN methylation are more sensitive to CPT-11. It 



Wang et al. BMC Gastroenterology 201 3, 1 3:1 73 Page 5 of 5 

http://www.biomedcentral.com/1471-230X/13/173 



may help us to identify and target the most sensitive gastric 
cancer subpopulation for personalized CPT-11 therapy. 
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